Background. Improved patient outcomes after colorectal surgery in high-volume hospitals are leading to centralization of colorectal surgery. However, it is desirable to strive for optimal quality of colorectal surgery in low-volume hospitals. This study aimed to assess the effect of the number of surgeons involved in the surgical procedure on patient outcomes in a low-volume hospital. Methods. All patients who underwent elective colorectal surgery with construction of a primary anastomosis between January 1, 2007, and December 31, 2015, were included in this retrospective cohort. The propensity score was used to adjust for confounding. Results. A total of 429 patients were included. One hundred forty-three patients (33.3%) were operated by 1 surgeon and 286 patients (66.7%) were operated by 2 surgeons. Patients operated by 2 surgeons were younger, more often male, and had a higher body mass index. A multivariate analysis with propensity scores revealed that surgery with 2 surgeons was associated with fewer reoperations (odds ratio [OR] = 0.4, 95% confidence interval [CI] = 0.2-0.9, P = .038). Colorectal anastomotic leakage (OR = 0.6, 95% CI = 0.2-1.3, P = .204) and mortality (OR = 0.8, 95% CI = 0.2-3.7, P = .807) were not associated with the number of surgeons involved in the surgical procedure. Conclusion. The present study shows that elective colorectal surgery in a low-volume hospital performed by 2 surgeons resulted in fewer reoperations. This might positively influence patient outcomes and might be related to increased surgical quality as compared with procedures performed by only 1 surgeon.
Introduction
There is a growing interest in quality assessment of colorectal surgery with an increasing need for outcome measures that represent performance of institutes and individual surgeons. Variability in patient outcomes following colorectal surgery has been identified to be assigned to both patient-related factors and institutionrelated factors. [1] [2] [3] Previously, several studies have reported improved patient outcomes after colorectal surgery in high-volume hospitals. 4 This has led to centralization of colorectal surgery and centers of excellence have been established. However, improvement of patient outcomes after colorectal surgery in low-volume hospitals is not addressed within this strategy. As it may not be possible to implement centralization of colorectal surgery on a national level in the near future, it is still of paramount importance to improve quality of care in low-volume centers. Furthermore, patient outcomes from individual surgeons have come under increased scrutiny. Both volume of surgery and specialization of individual surgeons are associated with improved patient outcomes for colorectal surgery. [5] [6] [7] The value of teamwork in the operating room has also earned increasing attention. 8 Improvement of teamwork in the operating room may have beneficial effects on patient outcomes. 9 Some data suggest that there is an association with teamwork culture and reduction of surgical site infections. 10 Nevertheless, the effect of the number of certified surgeons (ie, not being a resident) involved in the surgical procedure on patient outcomes after colorectal surgery in a low-volume hospital has not been addressed previously, while this might provide an easy possibility to improve patient outcomes after colorectal surgery in low-volume hospitals.
This study aims to determine the effect of the number of surgeons involved in the surgical procedure on quality of colorectal surgery in a low-volume hospital. Our hypothesis was that outcomes of elective colorectal surgery improve when surgical procedures were performed by 2 surgeons compared with 1 surgeon in a low-volume hospital.
Materials and Methods

Study Design
We performed a retrospective, single-center, cohort study at the Havenziekenhuis, Rotterdam. The Havenziekenhuis is a low-volume, satellite hospital of the Erasmus University Medical Center Rotterdam, but it is not a teaching hospital. Therefore, no surgical fellows or residents were involved during the surgical procedures and it was possible to compare outcomes between the different numbers of surgeons involved in the surgical procedure. All surgeons involved in the study were formally certified by the Dutch Society of Surgery to perform colorectal surgery and had comparable colorectal expertise. Between January 1, 2007, and December 31, 2015, all patients undergoing elective colorectal surgery with construction of a primary anastomosis, with or without a protective ileostomy, were included. Patients who received an end colostomy or end ileostomy were not included. The STROBE (Strengthening the Reporting of Observational studies in Epidemiology) statement was used for this study. 11 Informed consent was waived for participation in this study, because it was a retrospective records review. The study was approved by the Institutional Review Board of the Erasmus University Medical Center Rotterdam.
Data Collection
Patients were identified by searching hospital database for DBC Codes (Diagnose Behandel Combinatie; Diagnosis-Related Groups [DRGs]). Patients' medical records were reviewed and data were collected on patient characteristics: age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) score, diabetes mellitus, smoking, alcohol abuse (>14 drinks per week), and medication use. Surgical characteristics were retrieved and included type of surgical procedure, indication, approach (laparoscopic or open), conversion, stoma construction, additional abdominal resection, intraoperative complications, and duration of surgery.
The number of surgeons involved in the surgical procedures were retrieved from surgical reports. In these surgical reports, it was marked which surgeons performed the operation and who were assisting. Only procedures that started and were completed with 2 surgeons were labeled as "2 surgeons." If a surgeon, urologist, or gynecologist briefly joined the team to assist with the procedure, it was defined as surgery performed by 1 surgeon. There was no clear rationale within the unit for deciding which patients involved 2 surgeons and which patients involved just 1 surgeon. All surgeons performed colorectal resections on their own or together with a colleague.
The postoperative period was restricted to 30 days after the primary procedure and information was obtained regarding postoperative complications. Reoperation, colorectal anastomotic leakage (CAL), mortality, and length of hospital stay were registered. Reoperation did not include closure of ileostomy. CAL was defined as an insufficiency of the anastomosis, demonstrated by either imaging studies or reoperation and leading to a clinical state that required intervention such as antibiotic treatment, radiological drainage, or surgical intervention.
Statistical Analysis
Continuous variables were presented as median with interquartile range and univariate testing was performed using Mann-Whitney U test. Dichotomous and categorical variables were presented as numbers with percentages, and univariate testing was performed using Pearson's χ 2 test or Fisher's exact test depending on size of groups. To adjust for confounding factors, a propensity score was constructed with a multivariable logistic regression model with variables that might determine whether a patient is operated by 1 or 2 surgeons. In this model, we included variables related to the number of surgeons involved in surgery that were considered clinically relevant. The propensity score was then added as independent variable to a logistic or linear regression model, depending on the outcome measure, together with the variable that indicated the number of surgeons involved. Sensitivity analysis was performed to explore the effect of surgical approach by stratifying the propensity score analysis for laparoscopic or open approach. A 2-sided P < .05 was considered statistically significant for all tests. All analyses were performed using IBM SPSS Version 21.0.0.1.
Results
We established a retrospective cohort of 441 consecutive patients who were admitted to the Havenziekenhuis Hospital in Rotterdam between January 1, 2007, and December 31, 2015, for elective colorectal resection with construction of a primary anastomosis, with or without construction of protective ileostomy. On average, 49 elective colorectal resections with construction of a primary anastomosis were performed yearly. Eleven patients were excluded due to lack of information on the postoperative course. One patient was excluded due to inconclusive information on the number of operators. In total, 429 patients were eligible for analysis, of which 163 underwent right hemicolectomy, 51 left hemicolectomy, 143 sigmoid resection, and 72 (low) anterior resection. A total of 204 operations (47.6%) were performed laparoscopically, of which 38 (18.6%) were converted. The median length of hospital stay was 8 days (interquartile range: 6-13 days), and the incidence of CAL was 8.6% (37 patients). Forty-two patients underwent reoperation. The median hospital stay for patients who underwent reoperation was 16 days and 7 days for patients who did not undergo reoperation (P < .001).
Ten individual surgeons were involved in this study. Over time, surgery by 2 surgeons increased gradually from 27.3% in 2007 to 88.2% in 2015. In 143 patients (33.3%), surgery was performed by 1 surgeon, and in 286 patients (66.7%), surgery was performed by 2 surgeons. The group of patients operated by 2 surgeons was younger (P = .047), consisted of more males (P = .034), and had a higher BMI (P = .031; Table 1 ). Carcinoma was more often the indication for surgery in patients operated by 2 surgeons (P = .001). Laparoscopic surgery was more often performed by 2 surgeons (P < .001). Moreover, in patients operated by 2 surgeons, a protective ileostomy was constructed more frequently (P < .001), the duration of surgery was significantly longer (P < .001), and more intraoperative complications were recorded (P = .049).
For postoperative outcomes, CAL was observed in 16 patients (11.2%) operated by 1 surgeon and in 21 patients (7.3%) operated by 2 surgeons (P = .181; Table 2 ). Surgery performed by 2 surgeons was associated with shorter hospital stay (9.0 vs 7.0 days, P = .001) and fewer reoperations (14.0% vs 7.7%, P = .039). The indication for reoperation was CAL in 31 patients and abdominal wound dehiscence in 7 patients. The indication for reoperation in the other 4 patients was persisting pain and fever, iatrogenic small bowel perforation, ascites, and severe postoperative ileus, respectively.
For the adjusted analysis, a propensity score was calculated for being operated by 1 or 2 surgeons with all variables that had a P < .1 in the univariate analysis or were considered clinically relevant being age, sex, BMI, carcinoma as indication, surgical approach, protective ileostomy construction, duration of surgery, and intraoperative complications. The area under the curve of the calculated propensity score was 0.842.
After adjustment for the propensity score, the number of surgeons involved in the surgical procedure remained related to postoperative outcomes (Supplemental Table 1 , available online). Surgery performed by 2 surgeons was associated with fewer reoperations (odds ratio [OR] = 0.4, 95% confidence interval [CI] = 0.2 to 0.9, P = .038). Surgery performed by 2 surgeons was also associated with the lower incidence of CAL (OR = 0.6, 95% CI = 0.2 to 1.3, P = .204) and lower mortality (OR = 0.8, 95% CI = 0.2 to 3.7, P = .807), although not statistically significant. The length of hospital stay was not significantly shorter for patients operated by 2 surgeons (linear regression coefficient −0.8, 95% CI = −2.9 to 1.3, P = .446).
As a sensitivity analysis, the multivariate analysis was repeated with stratification for surgical approach. It was not justified to stratify for surgical approach for mortality because of the small number of events. All estimated ORs were in the same direction as the unstratified analyses, but P values were higher due to the inherent reduction of sample sizes (Supplemental Table 2 , available online).
Discussion
The purpose of this study was to determine the effect of number of surgeons involved in the surgical procedure on quality of elective colorectal surgery in a low-volume hospital. The results of our study suggested that colorectal surgery performed by 2 surgeons was associated with fewer reoperations compared with surgery performed by 1 surgeon in a low-volume hospital. In addition, our study showed a trend toward a decrease of CAL, mortality, and hospital stay in the group of patients operated by 2 surgeons, although these findings were not statistically significant.
Recently, several studies demonstrated better postoperative outcomes after colorectal surgery in high-volume hospitals. 4 Besides, better oncologic outcomes were reported in high-volume hospitals. 12, 13 Therefore, nowadays, centralization of care in colorectal surgery is becoming more and more important. However, there is a lack of scientific interest to improve quality of colorectal surgery in low-volume hospitals, whereas centralization of colorectal surgery might not be implemented on a national level soon. This study showed that performing colorectal surgery with 2 surgeons in a low-volume hospital might improve patient outcomes after colorectal surgery.
The incidence of CAL was 8.6%, which is comparable to previous studies. 14, 15 Furthermore, 42 (9.7%) patients underwent reoperation. A recent study evaluating the incidence of reoperation after colorectal surgery as a valid measure for surgical quality reported comparable incidence. 16 In the multivariate analyses, surgery performed by 2 surgeons was associated with fewer reoperations during the postoperative course, but hospital stay was not shorter for patients operated by 2 surgeons. Of all 429 included patients, only 42 (9.8%) patients underwent reoperation. Because of the relatively low incidence of reoperations, the overall hospital stay was not strongly affected by the different incidence of reoperation between the 2 groups. The present study might have been subject to selection bias. Patients operated by 2 surgeons had higher BMI, which might complicate the surgical procedure and lead to worse postoperative patient outcomes. 17, 18 Moreover, protective ileostomies were more often constructed during surgery performed by 2 surgeons, which may have possibly resulted in prolonged duration of surgery. In addition, laparoscopic procedures were more often performed by 2 surgeons. These findings might implicate that surgical procedures performed by 2 surgeons were associated with increased complexity and difficulty. Nevertheless, our study has shown that there were fewer reoperations in the group of patients who was operated by 2 surgeons. Some differences in the univariate comparison may be related to the difference in surgical approach. However, a multivariate analysis with propensity scores was performed to eliminate this case-mix problem. In addition, the results of the sensitivity analysis, stratified by surgical approach, were consistent with our primary analysis.
In our study it was not justified to perform a randomized controlled trial due to clinical equipoise. Most observational studies use multivariable analysis or stratification to adjust for confounding, but propensity score analysis offers a powerful alternative to multivariable analysis, especially in situations with a relatively low event rate. [19] [20] [21] Propensity score analysis accounts for the conditional probability of treatment selection, thus allowing for reduction of bias when comparing interventions between treatment groups. 22 The Hawthorne effect is a possible explanation for improved outcomes with 2 surgeons. This was recently suggested in a study that found that a multidisciplinary, perioperative protocol was associated with reduction in mortality after acute abdominal surgery. 23 The Hawthorne effect concerns the awareness of being observed or studied and the resulting possible positive impact on behavior. 24 In case of surgery performed by 1 surgeon, the surgeon was assisted by a surgical assistant, while in case of 2 surgeons, there was a constant awareness of being observed by someone with comparable skills and qualities, which might potentially introduce the Hawthorne effect. Additionally, performing surgery by 2 surgeons offers the possibility to receive live critical feedback from an experienced colleague and to combine experience and knowledge, which potentially mitigates or prevents complications. This synergy might be explored in future studies to understand both the technical as well as communication-related mechanisms underlying our observations of improved outcomes with 2 surgeons.
To our knowledge, this study was the first to investigate the association between the number of surgeons involved in the surgical procedure and the outcomes of colorectal surgery representing quality assessment. We found that surgery performed by 2 surgeons is associated with fewer reoperations and, although not statistically significant, with less CAL and mortality, and shorter length of hospital stay. The lack of statistical significance is likely due to low statistical power. This study included a large cohort of patients undergoing elective colorectal surgery, but only 37 patients (8.6%) suffered from CAL and only 9 (2.1%) patients died, which introduces a large risk of a type II error resulting from a relatively low event rate. Nevertheless, we can interpret our results with more confidence since the ORs for all outcomes were directing to better outcomes with 2 surgeons. There were some limitations in this study that need to be addressed. Although we adjusted for confounding with propensity score analysis, this retrospective observational study was still sensitive to confounding of unknown factors. In the future it might not be possible to explore our hypothesis in a randomized controlled trial due to lack of clinical equipoise, but the results of this retrospective study justify conducting a prospective cohort study. Moreover, financial aspects of performing colorectal surgery with 2 surgeons were not taken into account. Even though this strategy might initially increase procedurerelated costs, a decrease in the number of reoperations, and postoperative burden might potentially compensate these additional costs.
Conclusion
The present study shows that elective colorectal surgery in a low-volume hospital performed by 2 surgeons resulted in fewer reoperations. This might positively influence patient outcomes and might be related to increased surgical quality as compared with procedures performed by only 1 surgeon.
